This work refers to a process of purification of silica sand and, more particularly, to a process of iron and aluminium removal from the Algerian silica sand particles. Iron compounds are among the most difficult impurities to release from the sand particles. Several methods to remove iron from the sand particles are used; in our work we employed the acid leaching process as optimal solution to purify the silica sand. To this purpose, our work began by characterization of sand samples using X-ray fluorescence, for measurement of concentrations of major mineral oxides, and using atomic absorption, to determine the iron and aluminium concentrations in the silica sand particles. Through this study, the samples were enriched by acid leaching method, by removing the impurities from the crystal lattice, as well as from its surface. Thus reduction the impurities concentration increases, at the same time, the SiO2 concentration. The obtained enriched silica can be used as raw material for silicon production, destined for photovoltaic application.
Introduction
Silica raw material is usually used in such applications as foundry sand, ceramics, sandblasting and other abrasive applications, in water filtration, pigments, hydraulic fracturing and propping in the oil industry [1] .
High purity material is used as a high-tech raw material for optical fibers, electro-magnetic materials, and catalysis materials, as well as in silicon production for photovoltaic application [2] .
The photovoltaic (PV) devices convert the Sun energy directly into the electrical energy [3, 4] . The production of silicon for photovoltaic application by carboreduction of silica is an industrial process [5] used since the beginning of the 20th century. The silicon produced using this method contains many undesirable impurities. Various techniques were developed about thirty years ago to purify silicon. These techniques are very expensive and generally cause important losses of material [6] . To avoid those losses, to reduce the cost of silicon and to improve its purity for photovoltaic application, there are attempts to purify silica raw materials using low cost and efficient techniques, to reduce the cost of silicon.
Iron is one of the most troublesome impurities in silica sand because it impairs the transparency of high-quality glass, e.g. for tableware, and optical glass; it impairs transmission in optical fibers; it adversely affects the production of pure silicon products, e.g. silicon metal for photovoltaic application, silicon carbide [7] . * corresponding author; e-mail: sabiha.anas@gmail.com
One of the main tasks in the purification of silica sand is to further reduce iron compounds to a required level by a highly efficient method.
Several investigations were carried out in this field, using various techniques. Magnetic separation, froth flotation, selective flocculation, and chemical and biological leaching are some of the commonly practiced techniques for the removal of ferric iron oxides or hydroxides in the silica raw materials. However, physical separation techniques, such as flotation or magnetic separation, are generally less effective for iron removal than chemical leaching, aiming at dissolving iron compounds bonded to the surface or existing as distinct mineral grains [8] . Some of the previous work and results in these field are presented in Table I .
To date in the published literature, generally the particle size of sand was fixed before the leaching process. In our study we use the sand with its natural grain size. Thus we avoid the crushing operation and save valuable time and money and reduce the losses of sand raw material.
The aim of this project is to examine the high effectiveness of several acids, in removing iron and aluminium impurities from from Chlef quartz sand, by a simple leaching method.
Materials and methods

Silica sand samples
The silica sand in these experiments was purchased from Chlef sand, Algeria.
The chemical composition of the silica sand sample used in this study was determined before leaching, using XRF analysis. The results are presented in Table II .
Studied sand consists mainly of α-quartz and feldspar with small quantities of rutile, anatase, muscovite, microcline, magnetite and biotite. The particle size was ascertained by means of sieving. The results are shown in Fig. 1 .
As it is indicated in Fig. 1 the studied sand sample has a particle size distribution within a narrow size range, with 91% being in the 0.25-0.125 mm fraction.
Reagents
Several acids were used, such as HF, H 3 PO 4 , H 2 C 2 O 4 , HNO 3 and H 2 SO 4 , to investigate mainly there effect on the iron and aluminium removal. NaOH and distilled water were used throughout this work.
The hydrofluoric acid (HF) was chosen for its chemical compatibility with silica (highly hydrophobic). Its role as a solvent in the leaching process is double: the first one is to purify or to extract impurities from silica, in this context HF is well known for its efficiency; the second one is to etch silica grains for reducing their size, this fact improves the output of leaching, especially in our work, because we use the sand with its natural grain sizes. The second acid processing by H 3 PO 4 , H 2 C 2 O 4 , HNO 3 or H 2 SO 4 is intended to remove the residual impurities (Fe and Al) in solution. Finally, this acid processing is followed by an alkaline attrition, using a solution with 10% of sodium hydroxide (NaOH), in order to eliminate the residual impurities from the sand quartz surface.
Considering the ecological impact of acid solutions, the waste acid solutions of leaching steps were collected, neutralized with lime and transferred to acid regeneration units of recycling laboratories.
Leaching tests
For the first part of the experiment, 200 g of Chlef dry sand have been processed by 400 ml of hydrofluoric acid (20%) in a Heidolph rotator eluter, for ten minutes, at ambient temperature. For the second part of experiment, all leaching tests were conducted in a 250 ml glass beaker placed on a heater, with a magnetic stirrer having a controller unit. When the required temperature (100 • C) of the beaker contents (100 ml of acid) was reached, approximately 25.0 g of dry sand were added into the beaker, while the contents of the beaker has been stirred at a constant speed of 600 rpm. The beaker was covered to prevent losses by evaporation. From leaching solution, an amount of sample of the reaction mixture was taken out at pre-determined time intervals, filtered, repeatedly washed with distilled water to remove any unspent acid, and then dried at 120
• C for 2 h. All experiments were carried out in duplicate and sometimes repeated again, and the mean values are reported.
The leachate was examined by atomic absorption spectroscopy (Varian-AA240) in order to measure the concentration of Fe and Al.
Results and discussion
Effects of different types of acids on leaching efficiency of iron and aluminium impurities
The influence of acids on the percentage of iron and aluminium removal was examined using solutions with concentrations of 20% of acids at 100
• C stirred at 600 rpm.
The results are shown in Figs. 2-5 . Two points can be observed immediately, one is that the percentages of iron in Chlef sand have decreased remarkably during first two hours, but have increased during the next half hour. The same remark is true for aluminium leaching, however after two hours the concentration of aluminium remained stable.
The possible reason for these two distinct rates is explained as follows: in the initial phase of the leaching, iron hydroxyl-oxides which are possibly located on the surface of the silica sand grains have been leaching out. During the second phase of the leaching, iron oxides which are possibly located on the surface of silica sand grains react slowly with the acid. In other words, it is easier to dissolve hydroxyl-oxides, such as goethite, where dissolution can take place via both reduction (solid and aqueous species) and complexation, whereas oxides, such as hematite, dissolve mainly via solid reduction [12] .
At 100
• C, after two hours of acid leaching, the amount of maximum removal of iron and aluminium is represented in Table IV . Figure 6 shows the scanning electron microscope images of the silica sand before the leaching process. Figure 7 shows the leached solid samples, prepared at a reaction temperature of 100
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• C for 2 hours. The presence of mineral coatings on the silica sand particles is shown in Fig. 6 . The main iron and aluminium impurities are bonded to the mineral coatings. The surface coatings of the solid sample become thinner after leaching at conventional stirring speed of 600 rpm in acid solutions (Fig. 7) .
Conclusions
Our experiments have verified that the sulfuric acid is one of the best leaching agents for the removal of iron and aluminium impurities from the quartz sand, due the properties of H 2 SO 4 .
The optimal leaching rates for iron and aluminium are up to 97.9% and 94.2%, respectively, after 120 min, in the conditions of temperature of 100
• C, ratio of solid to liquid of 25 %, and quartz sand grain size of 0.25-0.125 mm.
We conclude that Chlef sand, after its enrichment, has got good proprieties for production of metallurgical grade silicon for photovoltaic applications by the briquetting process [20] .
